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,QWURGXFWLRQ
6SLUDOZRXQGKHDWH[FKDQJHU6:+(ZDVILUVWLQWURGXFHGLQ&KLQDEHFDXVHRIWKHFRQVWUXFWLRQRIWKHIHUWLOL]HU
LQGXVWU\LQWKHODVWFHQWXU\,QV\QWKHWLFDPPRQLDXQLWV7H[DFRJDVLILFDWLRQ/LQGHPHWKDQROZDVKLQJDQG7RSVRH
V\QWKHVLVDUHLPSRUWDQWSURFHVVURXWHV$QG6:+(LVWKHNH\KHDWH[FKDQJHUHTXLSPHQWLQ/LQGHORZWHPSHUDWXUH
PHWKDQRO ZDVKLQJ VHFWLRQ :LWK VXSSRUWV IURP PDQ\ QDWLRQDO UHVHDUFK SURJUDPV +HIHL *HQHUDO 0DFKLQHU\
5HVHDUFK ,QVWLWXWH +*05, =KHQKDL 3HWURFKHPLFDO -LDQDQ (QJLQHHULQJ &R /WG =3-( DQG /XR\DQJ
3HWURFKHPLFDO(QJLQHHULQJ&RUSRUDWLRQ6,123(& /3(& HWF KDYH FRQGXFWHG MRLQW UHVHDUFK DFKLHYHGGRPHVWLF
PDQXIDFWXULQJRIODUJHVFDOHPXOWLVWUHDP6:+(LQFRDOGHHSSURFHVVLQJXQLWVDQGEHHQWKHILUVWRQHLQWKHZRUOG
WRDSSO\WKH6:+(LQUHILQLQJXQLWV>@6:+(VKDYHEHHQVXFFHVVIXOO\XVHGLQWKH0WDK\GURFUDFNLQJXQLW
RI 6,123(& =KHQKDL 5HILQLQJ 	 &KHPLFDO &RPSDQ\ =5&& WKH  0WD K\GURFUDFNLQJ XQLW RI &13&
/LDR\DQJ 3HWURFKHPLFDO &RPSDQ\ /3& DQG WKH 0WD GLHVHO K\GURJHQDWLRQ XQLW RI 6,123(&*XDQJ]KRX
&RPSDQ\ *&ZKLFK REWDLQHG UHPDUNDEOH HQHUJ\ VDYLQJ EHQHILWV DQG SURYLGHG D XVHIXOZD\ IRU ODUJH UHILQLQJ
XQLWVWRKDUPRQLRXVO\WDNHLQWRDFFRXQWERWKWKHHQHUJ\VDYLQJDQGVDIHW\&KLQDKDVEHHQDEOHWRPDQXIDFWXUHWKH
6:+(ZLWKDKHDWWUDQVIHUDUHDODUJHUWKDQPIRUODUJHUHILQHU\SODQW'XULQJWKHSURFHVVRILQQRYDWLRQWKH
NH\WHFKQRORJLHVRIGHVLJQDQGPDQXIDFWXULQJZHUHGHYHORSHGIRU6:+(LQUHILQHU\LQGXVWU\ZKLFKKDYHERWKWKH
FRPPRQ IHDWXUHV DQG WKH GLIIHUHQFHV FRPSDULQJZLWK WKH 6:+( LQ FRDO FKHPLFDO LQGXVWU\ ,Q WKLV SDSHU VRPH
DVSHFWVZHUHVHOHFWHGWRDQDO\]HWKHNH\GHVLJQWHFKQRORJLHV
*HQHUDOGHVFULSWLRQRISURFHVV
+\GURFUDFNLQJLVDQLPSRUWDQWUHILQHU\SURFHVVLWVEDVLFSURFHVVLQFOXGHVUHDFWLRQKHDWWUDQVIHUDQGVHSDUDWLRQ
,QWKHWUDGLWLRQDOK\GURFUDFNLQJKHDWWUDQVIHUSURFHVVDVVKRZQLQ)LJVHYHQWKUHDGORFNLQJULQJKHDWH[FKDQJHUV
7/5+(V DUH HPSOR\HG ZKLFK OLPLWV WKH FRPSUHKHQVLYH SHUIRUPDQFHV LQFOXGLQJ KHDW HIILFLHQF\ HTXLSPHQW
UHOLDELOLW\DQGXQLWFRPSDFWQHVV>@
,QWKH0WDGLHVHOK\GURJHQDWLRQSURMHFWRI*&RXUJURXSPDGHDQLQQRYDWLRQWRWKHK\GURFUDFNLQJSURFHVV
EDVHGRQWKHUHVHDUFKUHVXOWVRIUHODWHGSURMHFWVLQ=5&&DQG/3&DVVKRZQLQ)LJ7KHNH\SRLQWRIWKHQHZ
SURFHVV LV WKHDGRSWLRQRI WZR6:+(V LH WKH UHDFWLRQHIIOXHQWKRWPL[HG IHHGKHDW H[FKDQJHUDQG WKHKRWKLJK
SUHVVXUH VHSDUDWRU JDV FROGPL[HG IHHG KHDW H[FKDQJHU UHVSHFWLYHO\'XULQJ QRUPDO RSHUDWLRQ KHDW LV JUDGXDOO\
WUDQVIHUUHG WKURXJK WZR 6:+(V WR HQVXUH WKH WHPSHUDWXUH RIPL[HG IHHG UHDFK WKH UHDFWLRQ WHPSHUDWXUH ZKLFK
UHVXOWV LQ WKH VKXWGRZQRI UHDFWLRQ IHHG IXUQDFH%DVHGRQ WKLV WKH H[FHVV UHDFWLRQKHDWZLOO EH UHWULHYHGE\ WKH
UHDFWLRQ HIIOXHQW YDSRU JHQHUDWRU DQG WKH WHPSHUDWXUHV RI IHHGRLO DQGRU KRW KLJKSUHVVXUH VHSDUDWRU JDV FDQEH
IUHHO\FRQWUROOHGLQFHUWDLQUDQJHE\DGMXVWLQJWKHSUHVVXUHDQGIOX[RIJHQHUDWHGYDSRU
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)LJ3URFHVVRI0WDK\GURFUDFNLQJXQLWLQ6,123(&*XDQJ]KRX&RPSDQ\
$IWHUWKLVXQLWZDVSXWLQWRXVHHQHUJ\ZDVUHPDUNDEO\VDYHGLQYHVWPHQWZDVUHGXFHGE\PLOOLRQ50%
HQHUJ\FRQVXPSWLRQZDVUHGXFHGE\NJVWDQGDUGRLOSHUKRXUZKLFKLVHTXLYDOHQWWRNJVWDQGDUGRLOHDFKWRQ
RIUDZPDWHULDODQGDQQXDOEHQHILWVZHUHDERXWPLOOLRQ50%
'HVLJQLQQRYDWLRQVRINH\HTXLSPHQW
3.1. Structures of SWHE in refinery industry 

DE
)LJ6WUXFWXUHVRIKLJKSUHVVXUH6:+(VLQUHILQHU\LQGXVWU\
7KHUHDUHWZRW\SHVRIVWUXFWXUHVIRUKLJKSUHVVXUH6:+(VLQUHILQHU\LQGXVWU\LHWKHFURZQVWUXFWXUHDDQG
WKHKHPLVSKHULFDOVWUXFWXUHEDVVKRZQLQ)LJ$VWRWKHFURZQVWUXFWXUHDWKHHQGVRIFRQYH[KHDGFURZQ
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KHDGDUHZHOGHGWRWXEHVKHHWDQGF\OLQGHUUHVSHFWLYHO\$VWRWKHKHPLVSKHULFDOVWUXFWXUHEWKHUHDUHRQHFRQYH[
KHDG DQG RQH GLIIHUHQWGLDPHWHU IRUJLQJ EHWZHHQ WKH WXEH VKHHW DQG F\OLQGHU 2QH HQG RI WKH GLIIHUHQWGLDPHWHU
IRUJLQJLVZHOGHGWRWKHODUJHGLDPHWHUHQGRIFRQYH[KHDGZKLOHWKHRWKHUHQGLVZHOGHGWRWKHF\OLQGHU7KHVHWZR
W\SHVRIVWUXFWXUHVFDQVDWLVI\WKHUHTXLUHPHQWVRIK\GURFUDFNLQJKHDWWUDQVIHUSURFHVV
6LQFHWKHFURZQKHLJKWRIWKHFURZQVWUXFWXUHDLVVPDOOWKHVKHOOVLGHQR]]OHFDQEHSODFHGRQO\RQWKHF\OLQGHU
ZKLFK UHODWLYHO\ H[WHQGV WKH F\OLQGHU OHQJWK'XH WR WKH OLPLWHG VSDFH RI WKLV W\SH RI VWUXFWXUH WKHUH DUH VHYHUDO
DVVHPEO\VHDOLQJZHOGPHQWVFDQQRWEHGRXEOHVLGHZHOGHGDQGHIIHFWLYHO\KHDWWUHDWHGZKHUHRQO\RQHVLGHZHOGLQJ
GHVLJQZLWKVSHFLDOZHOGPHQWVWUXFWXUHFDQEHDGRSWHGUHIHUUHGWRVHFWLRQLQWKLVSDSHU$GGLWLRQDOO\EHFDXVH
WKHVKHOOVLGHQR]]OHLVUHODWLYHO\IDUDZD\IURPWKHWXEHVKHHWWKHIOXLGFDQQRWIXOO\ZDVKWKHEDFNRIWXEHVKHHWLW¶V
HDV\WRIRUPDIOXLGUHWHQWLRQ]RQHLQWKHXSSHUSDUWRIFRQYH[KHDGDQGKHQFHKHDWWUDQVIHULQWKLV]RQHFDQQRWEH
HIIHFWLYHO\JXDUDQWHHG
7KHVSDFHRIWKHKHPLVSKHULFDOVWUXFWXUHELVODUJHU7KHGLIIHUHQWGLDPHWHUIRUJLQJKDVDULQJVKDSHZLWKWZR
HQGV H[WHQGLQJ WR WKH FRQYH[ KHDG DQG F\OLQGHU UHVSHFWLYHO\ 6LQFH WKH IRUJLQJ KDV D WKLFN EDVH PDWHULDO ZLWK
HQRXJKVWUHQJWKDQGULJLGLW\LWHQDEOHVSURSHUDGMXVWPHQWRIGLDPHWHUVDWERWKHQGVRIIRUJLQJEDVHPDWHULDOZKLOH
FRQGXFWLQJHTXDOWKLFNQHVVEXWWZHOGLQJZLWKWKHFRQYH[KHDGDQGF\OLQGHUUHVSHFWLYHO\$OOWKHDVVHPEO\VHDOLQJ
ZHOGPHQWVRI WKHKHPLVSKHULFDOVWUXFWXUHEFDQEHGRXEOHVLGHZHOGHGZKLFKSURYLGHVFRQYHQLHQWFRQGLWLRQIRU
LQVSHFWLRQDQGH[DPLQDWLRQ,QWKHKHPLVSKHULFDOVWUXFWXUHWKHVKHOOVLGHQR]]OHLVLQVWDOOHGRQWKHVSKHULFDOKHDG
ZKLFKUHODWLYHO\UHGXFHVWKHF\OLQGHUOHQJWK+RZHYHUGXHWRWKHODUJHVL]HRIWKHKHPLVSKHULFDOVWUXFWXUHLWVHOIWKH
HTXLSPHQWKHLJKW LVQRW VPDOOHU WKDQ WKDWRI WKHFURZQVWUXFWXUH6:+($V WR WKHKHPLVSKHULFDO VWUXFWXUH LWKDV
FHUWDLQVSDFHIRUWKHLQVWDOODWLRQRIVXFKDWWDFKPHQWVDVGHIOHFWRUDQGGLVWULEXWLRQULQJHWFZKLFKHQDEOHVIOXLGIXOO\
FRQWDFW WKH WXEHV LQ WKH WUDQVLWLRQ VHFWLRQEHWZHHQ WXEH VKHHW DQG FRUH ERG\%DVHGRQ WKH SURSHU JHRPHWU\ VL]H
RSWLPL]DWLRQIRUGLIIHUHQWGLDPHWHUIRUJLQJWKHUHLVQRIOXLGUHWHQWLRQ]RQHH[LVWLQJLQWKHZKROHVKHOOZKLFKIXUWKHU
LPSURYHVWKHKHDWH[FKDQJHHIILFLHQF\'XULQJKHDWWUHDWPHQWIRUZHOGPHQWVKHDWLQJPRGXOHVFDQEHDUUDQJHGRQ
ERWKRXWHUZDOODQGLQQHUZDOOKHDWLQJFDQEHFRQGXFWHGRQERWKVLGHVDQGKHDWLQVXODWLRQPHDVXUHVFDQEHWDNHQDW
WKHHQGRIFRUHZKLFKDYRLGVWKHVHQVLWL]DWLRQRIVWDLQOHVVVWHHOWXEHV>@
3.2. Design adaptability of overall structural 
7KHDSSOLFDWLRQRI6:+(LQUHILQHU\ LQGXVWU\ LV WKHILUVW WLPH LQ WKHZRUOG7KHDGDSWDELOLW\RI6:+(WRUDZ
PDWHULDO DQG SURFHVV RI UHILQHU\ XQLW VKRXOG EH ILUVW FRQVLGHUHG ,Q RUGHU WR PDNH IXOO XVH RI WKH KHDW WUDQVIHU
SHUIRUPDQFHRI6:+(WKHFOHDQOLQHVVRIPHGLXPVKRXOGEHHQVXUHGRFFDVLRQVHDV\IRXOLQJDQGFRNLQJVKRXOGEH
DYRLGHG7KHILUVWDSSOLFDWLRQRI6:+(LQ&KLQDLVWKHUHDFWLRQHIIOXHQWPL[HGIHHGKHDWH[FKDQJHUDQGWKHUHDFWLRQ
HIIOXHQWORZ SUHVVXUH VHSDUDWRU RLO KHDW H[FKDQJHU RI  0WD K\GURFUDFNLQJ XQLW LQ =5&& 7KH UHDFWLRQ
HIIOXHQWKRWPL[HGIHHGKHDWH[FKDQJHUDQGWKHKRWKLJKSUHVVXUHVHSDUDWRUJDVFROGPL[HGIHHGKHDWH[FKDQJHURI
0WDGLHVHOK\GURJHQDWLRQXQLWLQ*&DUHWKHLPSURYHPHQWRIWKDWWKHIROORZLQJDVSHFWVVKRXOGEHFRQVLGHUHG
LQWKHGHVLJQWHFKQRORJ\
 7R VWXG\ WKH PHGLXP DGDSWDELOLW\ DQG HYDOXDWH WKH FRQWURO OHYHO RI IHHG FRPSRQHQWV GXULQJ VXEVHTXHQW
RSHUDWLRQ
$FFRUGLQJWRWKHDFWLYLW\FKDQJHVRIFDWDO\VWGXULQJRSHUDWLRQSHULRGWRFRQGXFWGHVLJQFKHFNFDOFXODWLRQIRU
WKHRSHUDWLRQFRQGLWLRQVDWWKHEHJLQQLQJDQGDWWKHHQGRIWKHSURFHVV$GGLWLRQDOO\WDNLQJLQWRDFFRXQWWKHYDULHW\
RI UDZ PDWHULDO SURSHUWLHV WKH FROG E\SDVV VKRXOG EH FRQVLGHUHG LQ FHUWDLQ VLWXDWLRQ WR HQVXUH DGHTXDWH KHDW
H[FKDQJHDUHD
7RSURSHUO\GHWHUPLQHWKHPHGLXPVLQWXEHVLGHDQGVKHOOVLGH
7DNLQJ UHDFWLRQ HIIOXHQWKRW PL[HG IHHG KHDW H[FKDQJHU DV DQ H[DPSOH ZKHWKHU WKH UHDFWLRQ HIIOXHQW JRHV
WKURXJKWKHWXEHVLGHRUVKHOOVLGHQHHGVWREHDQDO\]HG%\FRPSDULVRQLWFDQEHIRXQGWKDWWKHUHDFWLRQHIIOXHQWKDV
DODUJHUDWLRRIJDVSKDVH,QRUGHUWRDYRLGWKHLQIOXHQFHRIXQHYHQGLVWULEXWLRQRIJDVSKDVHDQGOLTXLGSKDVHRQWKH
KHDW WUDQVIHUHIILFLHQF\ZHGHFLGH WR OHDYH WKHUHDFWLRQHIIOXHQWJRLQJWKURXJKWKHVKHOOVLGHZKLOH WKHKRWPL[HG
IHHGZLWKVPDOOUDWLRRIJDVSKDVHJRLQJWKURXJKWKHWXEHVLGH7KLVDUUDQJHPHQWZLOODYRLGWKHLQFUHDVHRIUHVLVWDQFH
FDXVHGE\IDVWIORZRIUHDFWLRQHIIOXHQWLQWXEHVLGHHQKDQFHWKHKHDWWUDQVIHULQVKHOOVLGHDGHTXDWHO\LPSURYHWKH
KHDWH[FKDQJHHIILFLHQF\RIWXEHEXQGOHDQGPLQLPL]HWKHIOXLGUHWHQWLRQ]RQH,QRUGHUWRSUHYHQWWKHFDWDO\VWGXVW
FDUULHGE\UHDFWLRQHIIOXHQWIURPSUHFLSLWDWLQJRQWKHERWWRPRIVKHOOVLGHDWWKHEHJLQQLQJRIRSHUDWLRQZKLFKZLOO
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LQIOXHQFHWKHKHDWH[FKDQJHHIILFLHQF\RUFDXVHDQGUDPDWLFLQFUHDVHRISUHVVXUHGURSLQVKHOOVLGHGXHWREORFNDJH
VXFKSUHFDXWLRQPHDVXUHVDVDQWLFRUURVLRQFRDWLQJIRU ORZHU WXEHVKHHWDQGXOWUDVRQLFGHVFDOLQJ WHFKQRORJLHVDUH
WDNHQ>@
$FFRUGLQJWRWKHFKDUDFWHULVWLFVRIPHGLXPQDPHO\KLJKWHPSHUDWXUHKLJKSUHVVXUHDQGFRQWDLQLQJK\GURJHQ
WKHIORZYHORFLW\OD\HUVSDFLQJRIWXEHDQGWXEHVSDFLQJDUHFDUHIXOO\DQDO\]HGDQGVWXGLHG
$FFXUDWHGHVLJQRIKHDWH[FKDQJHU7KHGHVLJQRI6:+(LQUHILQHU\LQGXVWU\KDVDQHZDVSHFWLHUHGXQGDQW
KHDW H[FKDQJH SHUIRUPDQFH LV QRW DOORZDEOH ,I WKH WHPSHUDWXUH RI UHDFWLRQ HIIOXHQW ZDV UHGXFHG WRR ORZ RWKHU
FU\VWDOZLOOSUHFLSLWDWHDQGIXUWKHULQIOXHQFHWKHZKROHSURFHVV
7KHGHVLJQSUHVVXUHRIWXEHVKHHWLVGHWHUPLQHGDFFRUGLQJWRWKHPD[LPXPRSHUDWLRQSUHVVXUHIRUWKHUHDFWLRQ
HIIOXHQWKRWPL[HG IHHG KHDW H[FKDQJHU DQG WKH KRW KLJK SUHVVXUH VHSDUDWRU JDVFROGPL[HG IHHG KHDW H[FKDQJHU
ZKLOHQRWDFFRUGLQJWRWKHSUHVVXUHGLIIHUHQFH
 7R FDUHIXOO\ FRPSDUH WKH HFRQRP\ RI KLJK SUHVVXUH 6:+( DQG 7/5+( ZLWK WKH SXUSRVH RI DFKLHYLQJ
HIILFLHQWUHOLDELOLW\OHVVLQYHVWPHQWDQGOHVVRFFXSLHGDUHDV
 7R QRWH VRPH GHVLJQ GHWDLOV LQFOXGLQJ WKH VHZDJH RQ WKH ERWWRP RI VKHOO VLGH WKH DUUDQJHPHQW RI EDIIOH
JXLGLQJIORZDWWKHHQWUDQFHRIVKHOOVLGHHWF
3.3. Basic requirements for material 
7KHORDGVDSSOLHGWRKHDWH[FKDQJHULQUHILQHU\LQGXVWU\DUHPDLQO\GHWHUPLQHGE\SURFHVV,QK\GURFUDFNLQJXQLW
HTXLSPHQW KDV KLJK WHPSHUDWXUH KLJK SUHVVXUH DV VKRZQ LQ 7DE DQG 7DE YDULDEOH DQG FRUURVLYHPHGLXPV
ZKLFKLQFUHDVHVWKHGLIILFXOW\RIPDWHULDOVHOHFWLRQ
7DEOH'HVLJQFRQGLWLRQRIUHDFWLRQHIIOXHQWKRWPL[HGIHHGKHDWH[FKDQJHU
,WHP 0HGLXP
0D[LPXP
ZRUNLQJ
WHPSHUDWXUHć
0D[LPXP
ZRUNLQJ
SUHVVXUH03D
'HVLJQ
WHPSHUDWXUHć
'HVLJQ
SUHVVXUH03D
&RUURVLRQ
DOORZDQFH
6KHOOVLGH 5HDFWLRQHIIOXHQW     
7XEHVLGH 0L[HGIHHG     
7XEHVKHHW 0HGLXPVDWERWKVLGHV
'HWHUPLQHGE\
KHDWWUDQVIHUILOP
FRHIILFLHQWVDW
ERWKVLGHV
%HDULQJSUHVVXUHV
IURPERWKVLGHV   
7DEOH'HVLJQFRQGLWLRQRIKRWKLJKSUHVVXUHVHSDUDWRUJDVFROGPL[HGIHHGKHDWH[FKDQJHU
,WHP 0HGLXP
0D[LPXP
ZRUNLQJ
WHPSHUDWXUHć
0D[LPXP
ZRUNLQJ
SUHVVXUH03D
'HVLJQ
WHPSHUDWXUHć
'HVLJQ
SUHVVXUH03D
&RUURVLRQ
DOORZDQFH
6KHOOVLGH FROGPL[HGIHHG     
7XEHVLGH KRWKLJKSUHVVXUHVHSDUDWRUJDV     
7XEHVKHHW 0HGLXPVDWERWKVLGHV
'HWHUPLQHGE\
KHDWWUDQVIHUILOP
FRHIILFLHQWVDW
ERWKVLGHV
%HDULQJSUHVVXUHV
IURPERWKVLGHV   

6LQFH WKH UHDFWLRQ HIIOXHQWKRWPL[HG IHHGKHDW H[FKDQJHU DQG WKH KRW KLJKSUHVVXUH VHSDUDWRU JDVFROGPL[HG
IHHGKHDWH[FKDQJHUZRUNLQK\GURJHQHQYLURQPHQWWKHJHQHUDOVHOHFWHGPDWHULDOVIRUWKHPDUHKHDWUHVLVWDQWDQWL
K\GURJHQVWHHODQGVWDLQOHVVVWHHO
$VWRWKHUHDFWLRQHIIOXHQWKRWPL[HGIHHGKHDWH[FKDQJHUWKHPDWHULDORIF\OLQGHULQVKHOOVLGHLV&U0R5+
 LQQHU RYHUOD\ 73/73 WKH PDWHULDO RI VSKHULFDO KHDG LV &U0R IRUJLQJ LQQHU RYHUOD\
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73/73 WKHPDWHULDO RI WXEH VLGH LV &U0R IRUJLQJ LQQHU RYHUOD\73/73 WKHPDWHULDO RI
WXEHVKHHWLV&U0RIRUJLQJGRXEOHVLGHRYHUOD\73/73DQGWKHPDWHULDORIWXEHLV&U1L7L
$VWRWKHKRWKLJKSUHVVXUHVHSDUDWRUJDVFROGPL[HGIHHGKHDWH[FKDQJHUWKHPDWHULDORIF\OLQGHULQVKHOOVLGHLV
&U0R5+WKHPDWHULDORIVSKHULFDOKHDGLV&U0RIRUJLQJWKHPDWHULDORIWXEHVLGHLV&U0RIRUJLQJ
WKH PDWHULDO RI WXEH VKHHW LV &U0R IRUJLQJ  WXEH VLGH RYHUOD\ 73/ DQG WKH PDWHULDO RI WXEH LV
6
$IWHUPDWHULDOVZHUH VHOHFWHG VSHFLILF UHTXLUHPHQWV RI FKHPLFDO FRPSRVLWLRQV DUH SURSRVHG IRUNH\PDWHULDOV
7KHFKHPLFDOFRPSRVLWLRQUHTXLUHPHQWVRI&U0RIRUJLQJDQG&U0R5+DUHVKRZQLQ7DEZKHUHWKH
WHPSHUHPEULWWOHPHQWVHQVLWLYLW\FRHIILFLHQW-LVOHVVWKDQDQGWRWDOFRQWHQWVRI36QLVOHVVWKDQ7KH
FKHPLFDOFRPSRVLWLRQUHTXLUHPHQWVRI6DUHVKRZQLQ7DE7KHUHTXLUHPHQWVRIVXUIDFHTXDOLW\PHFKDQLFDO
SURSHUWLHVVL]HWROHUDQFHGHOLYHU\VWDWXVPHFKDQLFDOWHVWLQJDQGSURGXFWPDUNLQJHWFVKRXOGEHLQDFFRUGDQFHZLWK
WKDWRI6 LQ$60(6$6$0Specification for seamless and welded ferritic/austenitic stainless steel 
tubing for general service ,Q RUGHU WR EHWWHU VDWLVI\ WKHZLQGLQJ UHTXLUHPHQWV RI KHDW H[FKDQJH WXEH DGGLWLRQDO
SURYLVLRQVRIHORQJDWLRQUDWHıDQGKDUGQHVVİ+5&DUHVXSSOHPHQWHGWRR
7DEOH&KHPLFDOFRPSRVLWLRQVRI&U0RIRUJLQJDQG&U0R5+ZW
(OHPHQW & 6L 0Q 3 6 &U 0R 6E 6Q $V 1L &X
+HDW
DQDO\VLV  

a
  a

a
    
3URGXFW
DQDO\VLV  

a
 

a

a
    
7DEOH&KHPLFDOFRPSRVLWLRQVRI6LQ$60(6$6$0ZW
(OHPHQW & 0Q 3 6 6L 1L &U 0R 1 &X
0D[LPXPXQOHVV
DUDQJHLV
LQGLFDWHG
     a

a
a

a

3.4. Structure of nickel based alloy butt weldments 

)LJ/RZHUWXEHVKHHWRIUHDFWLRQHIIOXHQWPL[HGIHHGKHDWH[FKDQJHU
'XULQJWKHIDEULFDWLRQRI6:+(LQFRDOFKHPLFDOLQGXVWU\WKHDVVHPEO\SURFHGXUHRIVHTXHQWLDOO\SHQHWUDWLQJLV
DOZD\V DGRSWHG DQG WKH ILQDO ZHOGPHQW EHWZHHQ WXEH VKHHW DQG KHDG LV DOZD\V WKH RQHVLGH ILOOHW ZHOGPHQW
$OWKRXJKWKHUHLVFHUWDLQSURFHVVWRHQVXUHLWVIXOOSHQHWUDWLRQWKLVW\SHRIVWUXFWXUHLVQRWDOORZDEOHIRUWKHVHYHUH
HQYLURQPHQWLQUHILQHU\LQGXVWU\7KHZHOGPHQWVWUXFWXUHRI6:+(LQUHILQHU\LQGXVWU\PXVWEHWKHEXWWZHOGPHQW
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7DNHQWKHUHDFWLRQHIIOXHQWPL[HGIHHGKHDWH[FKDQJHUZLWKWKHDERYHPHQWLRQHGVWUXFWXUHDDVDQH[DPSOH&U0R
VWHHOLVFKRVHQDVWKHPDWHULDOIRUPDLQSUHVVXUHFRPSRQHQWVGXHWRLWVRSHUDWLRQLQK\GURJHQHQYLURQPHQW7KHUH
DUHRYHUOD\VRQWKHLQQHUVLGHRI WXEHVLGHDQGVKHOOVLGH WKHXSSHUDQGORZHUVLGHVRI WXEHVKHHWWKHORZHUWXEH
VKHHWRIUHDFWLRQHIIOXHQWPL[HGIHHGKHDWH[FKDQJHULVVKRZQLQ)LJ7KHUHDUHWZRVKRXOGHUVDWWKHWXEHVLGHRI
WXEHVKHHWZKLFKFDQEHEXWWZHOGHGZLWKWXEHFKDPEHU7KHUHDUHWZRWDLOVDWWKHVKHOOVLGHRIVKHOOVKHHWZKLFK
FDQEHEXWWZHOGHGZLWKVSKHULFDOKHDG


)LJ7ZRW\SLFDOEXWWZHOGPHQWVWUXFWXUHVZLWKQLFNHOEDVHGDOOR\RYHUOD\ZHOGLQJ
7KHUHDUHWKUHHDVVHPEO\VHDOLQJZHOGPHQWVLQWKHUHDFWLRQHIIOXHQWKRWPL[HGIHHGKHDWH[FKDQJHUWZRRIWKHP
DUHWKHEXWWZHOGPHQWVEHWZHHQWXEHVKHHWDQGVSKHULFDOKHDGRQHRIWKHPLVWKHEXWWZHOGPHQWEHWZHHQVSKHULFDO
KHDG DQG F\OLQGHU 6LQFH ILQDO KHDW WUHDWPHQW FDQQRW EH FRQGXFWHG IRU WKHVH ZHOGPHQWV VSHFLDO GHVLJQ RI EXWW
ZHOGPHQWLVQHHGHGDVVKRZQLQ)LJ$IWHUDPPWKLFNQLFNHOEDVHGDOOR\LVRYHUOD\HGRQWKHEDVHZHOGPHQW
JURRYH WR IRUPDQ LQVXODWLRQ OD\HU ILQDOKHDW WUHDWPHQW FDQEH FRQGXFWHG DQGJURRYHV FDQEHEXWWZHOGHGXVLQJ
QLFNHOEDVHGDOOR\FRQVXPDEOHVZKLFKHIIHFWLYHO\ LPSURYHV WKHVWUHVVGLVWULEXWLRQVWDWXVDWKHDWDIIHFWHG]RQHVRI
KHDW UHVLVWDQW ORZDOOR\ VWHHO VLGH$GGLWLRQDOO\ WKH LQVXODWLRQ OD\HU FDQSUHYHQW WKHSURSDJDWLRQRI FUDFN LQEDVH
PDWHULDOGXULQJRSHUDWLRQ
7KHVWUXFWXUHGHVLJQRIQLFNHOEDVHGDOOR\EXWWZHOGPHQWQRWRQO\UHGXFHVWKHUHVLGXDOVWUHVVLQZHOGPHQWVROYHV
WKH SUREOHP RI WKUHH FLUFXPIHUHQWLDOZHOGPHQWV FDQQRW EH ILQDO KHDW WUHDWHG EXW DOVR LQFUHDVHV WKH UHOLDELOLW\ RI
ZHOGPHQWVDQGLPSURYHVWKHDGDSWDELOLW\RI6:+(LQUHILQHU\LQGXVWU\$QLQYHQWLRQSDWHQWZDVREWDLQHGIRUWKLV
VWUXFWXUH>@
3.5. Design and calculation of the main structure 
7DNHQWKHUHDFWLRQHIIOXHQWKRWPL[HGIHHGKHDWH[FKDQJHUDVDQH[DPSOH WKHJHRPHWU\GLVFRQWLQXLWLHV LQVKHOO
VLGHDQGWXEHVLGHDUHDQDO\]HG7KHPDLQVWUXFWXUHVRIWKHXSSHUDQGWKHORZHUSDUWRIHTXLSPHQWDUHWKHVDPH7KH
ZHLJKWRI WXEHEXQGOHDSSOLHVRQWKHXSSHUDQGORZHUWXEHVKHHWV WKURXJKKHDWH[FKDQJHWXEHVDQGVXSSRUW WXEHV
+RZHYHU WKLV SUHVVXUH LV QHJOLJLEOH GXH WR LWV VPDOO YDOXH DQG OLPLWHG UDQJH$QDO\VLV LV RQO\ FRQGXFWHG IRU WKH
XSSHU VWUXFWXUH ,Q WKH ILQLWH HOHPHQW DQDO\VLV WKHREMHFWV DUH VXFKJHRPHWU\GLVFRQWLQXLWLHV DVGLIIHUHQWGLDPHWHU
VHFWLRQVHWF6LQFHWKHWXEHKROHVDQGWXEHVLQWXEHVKHHWDUHIDUDZD\IURPWKHVHFRPSRQHQWVWKHLUHIIHFWVRQVWUHVV
DQDO\VLVFDQEH LJQRUHG7RVLPSOLI\ WKHPRGHO WKHDUHDRI WXEHVKHHWZLWKKROHVFDQEH WUHDWHGDFFRUGLQJ WR WKH
FRQFHSWLQ$60(%39ĐLHPRGHOLQJEDVHGRQWKHHTXLYDOHQWHODVWLFPRGXOXVDQGHTXLYDOHQW3RLVVRQ
VUDWLR
$QG WKH WKLFNQHVV RI VSKHULFDO KHDGV DW VKHOO VLGH DQG WXEH VLGH LVPRGHOHG DFFRUGLQJ WR WKHPLQLPXP IRUPLQJ
WKLFNQHVV7KHPRGHOLQJ UDQJH LV IURP WKH VKHOO VLGHPPEHORZ WKH GLIIHUHQWGLDPHWHU VHFWLRQ ZKLFK LV IDU
DZD\ IURP WKH JHRPHWU\ GLVFRQWLQXLWLHV WR WKH VHDOLQJ VXUIDFHRI LQWHJUDO IODQJH DW WKH XSSHU WXEH FKDPEHU$OO
REMHFWVDUHDQDO\]HGZLWKRXWRYHUOD\V
7KHORDGFRQGLWLRQVLQFOXGHSUHVVXUHRQO\RQWXEHVLGHSUHVVXUHRQO\RQVKHOOVLGHDQGSUHVVXUHRQERWK
WXEHVLGHDQGVKHOOVLGH'XHWRWKHWHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHXSSHUWXEHVLGHDQGVKHOOVLGHLVRQO\ć
WDLORI
WXEHVKHHW
VSKHULFDOKHDG
VSKHULFDO
KHDG
F\OLQGHU
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LQIOXHQFH RI WKHUPDO VWUHVV LV LJQRUHG 6LQFH VWUHVV DQDO\VLV DQG FDOFXODWLRQ IRU WXEH VKHHW KDV EHHQ GHVFULEHG LQ
OLWHUDWXUHV>@RQO\DQDO\VLVUHVXOWVIRURWKHUSDUWVRIPDLQVWUXFWXUHDUHSUHVHQWHGKHUH6WUHVVFRQWRXUPDSDWWKH
FRQGLWLRQRISUHVVXUHRQERWKWXEHVLGHDQGVKHOOVLGHLVVKRZQLQ)LJZKHUHWKHPD[LPXPVWUHVV03DLV
DWWKHLQQHUFRUQHURIGLIIHUHQWGLDPHWHUVHFWLRQLQVKHOOVLGH6WUHVVDVVHVVPHQWSDWKRIXSSHUVWUXFWXUHLVJLYHQLQ
)LJ6WUHVVDVVHVVPHQWUHVXOWVDWWKHORDGFRQGLWLRQDUHVKRZQLQ7DE7KHVWUHQJWKDQDO\VLVRIZKROHVWUXFWXUH
PHHWVWKHUHTXLUHPHQWVRIDQDO\VLVGHVLJQVWDQGDUG


)LJ6WUHVVFRQWRXUPDSDWWKHFRQGLWLRQRISUHVVXUHRQERWKWXEHVLGHDQGVKHOOVLGH


)LJ6WUHVVDVVHVVPHQWSDWKRIXSSHUVWUXFWXUH
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7DEOH6WUHVVDVVHVVPHQWUHVXOWVIRUWKHXSSHUVWUXFWXUHRIUHDFWLRQHIIOXHQWKRWPL[HGIHHGKHDWH[FKDQJHU
&RQGLWLRQ 3DWK 6WUHVVLQWHQVLW\
&DOFXODWHGVWUHVVLQWHQVLW\
03D
$OORZDEOHVWUHVVLQWHQVLW\03D $VVHVVPHQWUHVXOW
%RWKWXEHVLGH
DQGVKHOOVLGH
XQGHU
SUHVVXUHV
VLPXOWDQHRXVO\
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
 ORFDOSULPDU\  6P  6DWLVILHG
 SULPDU\VHFRQGDU\  6P  6DWLVILHG
3.6. High pressure heat exchanger finish tube 
+HDWH[FKDQJHWXEHLVWKHNH\KHDWWUDQVIHUFRPSRQHQWDQGLWVTXDOLW\GLUHFWO\LQIOXHQFHVWKHUHOLDELOLW\RI6:+(
)URP WKH RSHUDWLRQ H[SHULHQFH RI KHDW H[FKDQJH WXEHV WKHUH DUH WZR NLQGV RI H[WUHPH FRQGLWLRQV LH WKH ORZ
WHPSHUDWXUHFRQGLWLRQaćLQJDVVHSDUDWRU/1*LQGXVWU\DQGWKHKLJKWHPSHUDWXUHFRQGLWLRQać
LQUHILQHU\LQGXVWU\$VWRWKHILUVWFRQGLWLRQWKHPHGLXPLVUHODWLYHO\FOHDQ+RZHYHUDVWRWKHVHFRQGFRQGLWLRQ
LW¶VDOZD\VUHODWHGWRWKHK\GURJHQHQYLURQPHQWZLWKKLJKSUHVVXUHDQGFRPSOH[PHGLXPV7KHUHDUHPDQ\IDFWRUV
DIIHFWLQJWKHTXDOLW\RIWXEHV%HVLGHVWKHPDWHULDOSURSHUW\UHODWHGWRHQYLURQPHQWWKHWXEHJHRPHWU\LVDOVRYHU\
LPSRUWDQW7KHRXWHUGLDPHWHURIWXEHGLUHFWO\DIIHFWVWKHILWWROHUDQFHEHWZHHQWXEHVKHHWDQGKHDWH[FKDQJHWXEH
7KHXQLIRUPLW\RIWXEHWKLFNQHVVDIIHFWVWKHILUPQHVVRIH[SDQGLQJMRLQWVDQGIXUWKHUDIIHFWVWKHZHOGPHQWTXDOLW\
7KHXQLIRUPLW\RIWXEHWKLFNQHVVDIIHFWVQRWRQO\WKHWXEHVWUHQJWKEXWDOVRWKHWXEHFRUURVLRQUHVLVWDQFHWKHWXEH
HURVLRQUHVLVWDQFHDQGWKHIOXLGPHFKDQLFVSURSHUWLHVRIPHGLXP7KHWXEHURXQGQHVVDIIHFWVWKHWXEHULJLGLW\ZKLFK
LVHVSHFLDOO\LPSRUWDQWWRWKH6:+(ZLWKKLJKSUHVVXUHDWVKHOOVLGHDQGORZSUHVVXUHDWWXEHVLGH$GGLWLRQDOO\WKH
WKLFNQHVV DQG URXQGQHVV RI WXEH DIIHFW WKH TXDOLW\ FRQWURO RI 6:+( ZLQGLQJ SURFHVV LH ORFDWLRQV ZLWK OHVV
WKLFNQHVVDQGH[FHVVRXWRIURXQGQHVVKDYHKLJKHUSUREDELOLW\RIWXEHFROODSVH
2YHUWHQ\HDUVSUDFWLFHLQGLFDWHVWKDWXVLQJDXVWHQLWLFVWDLQOHVVVWHHOZHOGHGWXEHDVWKHKHDWH[FKDQJHWXEHFDQ
HQVXUHWKHUHOLDELOLW\RI6:+(LQFRDOGHHSSURFHVVLQJLQGXVWU\+RZHYHUZHOGHGWXEHVKDYHQRWEHHQXVHGLQWKH
6:+(VRIKLJKSDUDPHWHU UHILQHU\ LQGXVWU\$WSUHVHQW WKHUHDUH ILYHVWDQGDUGV IRUDXVWHQLWLFVWDLQOHVVVWHHO WXEH
DQGGXSOH[VWDLQOHVVVWHHOWXEHLQ&KLQDLH1%73XUFKDVHWHFKQLFDOVSHFLILFDWLRQIRUERLOHU	KHDWHU
H[FKDQJHUWXEHVSLSHV3DUW*HQHUDO5HTXLUHPHQWV*%6HDPOHVVVWDLQOHVVVWHHOWXEHVIRUERLOHUDQG
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KHDW H[FKDQJHU *%7 :HOGHG DXVWHQLWLF VWDLQOHVV VWHHO WXEHV IRU ERLOHU DQG KHDWH[FKDQJHU *%7
 $XVWHQLWLF)HUULWLF GXSOH[ JUDGH VWDLQOHVV VWHHO VHDPOHVV WXEHV DQG SLSHV DQG *%7 
$XVWHQLWLF)HUULWLF GXSOH[ JUDGH VWDLQOHVV VWHHO ZHOGHG WXEHV DQG SLSHV 7DE SUHVHQWV WKH FRPSDULVRQ RI
JHRPHWULFVL]HDPRQJWKHVHILYHVWDQGDUGVIRUKHDWH[FKDQJHUWXEH
7DEOH&RPSDULVRQRIJHRPHWULFVL]HDPRQJGLIIHUHQWVWDQGDUGVIRUKHDWH[FKDQJHUWXEHRI6:+(
6WDQGDUG 0DQXIDFWXULQJPHWKRG
2XWHU
GLPHQVLRQ
'
:DOO
WKLFNQHVV
6
$OORZDEOHGHYLDWLRQRI
RXWHUGLPHQVLRQ
$OORZDEOHGHYLDWLRQRI
ZDOOWKLFNQHVV
QRUPDO DGYDQFHG QRUPDO DGYDQFHG
1%7
ǉ3XUFKDVHWHFKQLFDOVSHFLILFDWLRQIRU
ERLOHU	KHDWHUH[FKDQJHUWXEHVSLSHV
3DUW*HQHUDO5HTXLUHPHQWVǊ
+RWUROOLQJ
H[WUXGLQJ      
&ROGGUDZLQJ
UROOLQJ



6
!a 
*%
ǉ6HDPOHVVVWDLQOHVVVWHHOWXEHVIRU
ERLOHUDQGKHDWH[FKDQJHUǊ
+RWUROOLQJ
H[WUXGLQJ   '

6
&ROGGUDZLQJ
UROOLQJ a 



6
*%7
ǉ:HOGHGDXVWHQLWLFVWDLQOHVVVWHHOWXEHV
IRUERLOHUDQGKHDWH[FKDQJHUǊ
:HOGHG    6
*%7
ǉ$XVWHQLWLFIHUULWLFGXSOH[JUDGH
VWDLQOHVVVWHHOVHDPOHVVWXEHVDQG
SLSHVǊ
+RWUROOLQJ
H[WUXGLQJ      
&ROGGUDZLQJ
UROOLQJ a    6

6
*%7
ǉ$XVWHQLWLFIHUULWLFGXSOH[JUDGH
VWDLQOHVVVWHHOZHOGHGWXEHVDQGSLSHVǊ
:HOGHG     6

$V VKRZQ LQ 7DE DV WR WKH KHDW H[FKDQJH WXEH ZLWK GLDPHWHU OHVV WKDQ PP WKH UHTXLUHPHQWV RI RXWHU
GLDPHWHUDQGDOORZDEOHGHYLDWLRQRI WKLFNQHVVDUH WKH VDPH IRU WKHFROGGUDZLQJUROOLQJ WXEH LQ1%7
DQGWKHZHOGHGWXEHLQ*%7,QK\GURJHQHQYLURQPHQWWKHWXEHRIKLJKSUHVVXUH6:+(VKRXOG
FRPSO\ZLWKWKHWHFKQLFDOUHTXLUHPHQWVRIWKHFROGGUDZLQJUROOLQJWXEHLQ1%7
,Q*% WKHOHQJWKRIKHDWH[FKDQJHWXEHFDQQRWH[FHHGPZKLFKLVIDUEHORZWKHUHTXLUHPHQWVRI ODUJH
VFDOHVKHOODQGWXEHKHDWH[FKDQJHUDQG6:+(,Q&KLQD-LDQJVX<LQKXDQ3UHFLVLRQ6WHHO3LSH&R/WG&KDQJVKX
:DOVLQ 6SHFLDOW\ 6WHHO &R /WG DQG 6DQGYLN0DWHULDOV 7HFKQRORJ\ =KHQMLDQJ FDQPDQXIDFWXUH KLJK SUHFLVLRQ
DXVWHQLWLF VWDLQOHVV VWHHO VHDPOHVV WXEHZLWK OHQJWK ODUJHU WKDQPZKLFK VXSSRUWV WKH VXFFHVVIXO DSSOLFDWLRQRI
KLJKSUHVVXUH6:+(VLQUHILQHU\LQGXVWU\
0LQLPXPGHVLJQVSHFLILFDWLRQRI6:+(FHQWHUF\OLQGHU
+HDWH[FKDQJHWXEHVRI6:+(DUHZRXQGDURXQGWKHFHQWHUF\OLQGHUZLWKFHUWDLQVL]HOD\HUE\OD\HU6LQFHWKH
RXWHUZDOORIKHDWH[FKDQJHWXEHLVVXEMHFWHGWRWHQVLOHVWUHVVLWVDSSOLFDWLRQLQFRUURVLYHHQYLURQPHQWLVDSUREOHP
QHHGVXVSD\DWWHQWLRQWR$GGLWLRQDOO\WKHVPDOOHUGLDPHWHURIFHQWHUF\OLQGHUWKHODUJHUZLQGLQJGHIRUPDWLRQWKH
RXWHUZDOOPHWDOKDV$VWRWKHKHDWH[FKDQJHWXEHZLWKODUJHGLDPHWHULW¶VHDVLHUWRIRUPIROGVDWLQQHUZDOO+HDW
H[FKDQJH WXEHV DUH DOZD\V LQ WKH VLWXDWLRQ ZLWK YDULRXV FRUURVLRQ LQWHUDFWLRQV GXH WR WKH FRPSOH[ PHGLXP
HQYLURQPHQWLQUHILQHU\LQGXVWU\7KHUHIRUHDUHFRPPHQGHGPLQLPXPVSHFLILFDWLRQRIFHQWHUF\OLQGHULVQHHGHGRQ
WKHEDVLVRIUHVHDUFKUHVXOWVWROLPLWWKHZLQGLQJGHIRUPDWLRQRIWXEHV
5HVHDUFK RQ ZLQGLQJ GHIRUPDWLRQ RI KHDW H[FKDQJH WXEH PDLQO\ IRFXVHV RQ WKH H[SHULPHQWV RI VWUDLQ DJLQJ
VHQVLWLYLW\IRUVWDLQOHVVVWHHOVWULS$IWHUWKHSODWHVSHFLPHQWHQVLOHGHIRUPHGDWURRPWHPSHUDWXUHWRUHDFKDUHVLGXDO
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VWUDLQRIaDQDUWLILFLDODJLQJWUHDWPHQWDWFHUWDLQWHPSHUDWXUHZDVFRQGXFWHGDQGILQDOO\WHQVLOHDQGLQWHU
JUDQXODU FRUURVLRQ WHVWV ZHUH FDUULHG RXW 7KH UHVXOWV LQGLFDWH WKDW VWUHQJWK LQGH[ KDV DQ LQFUHDVLQJ WUHQG ZKLOH
SODVWLFLW\LQGH[KDVDGHFUHDVLQJWUHQGIRUDXVWHQLWLFVWDLQOHVVVWHHO,QWHUJUDQXODUFRUURVLRQWHVWVZHUHFDUULHGRXWIRU
VSHFLPHQVZLWKPD[LPXPUHVLGXDOVWUDLQRIDQGIXUWKHUDJLQJWUHDWHGDQGJRRGUHVXOWVLHWRSDVVWKHEHQGLQJ
WHVWV DQG QR LQWHUJUDQXODU FRUURVLRQ FUDFNV ZHUH REWDLQHG .HHSLQJ WKH UHVLGXDO VWUDLQ ZLWKLQ  WHQVLOH
GHIRUPDWLRQ GXULQJ WXEH ZLQGLQJ ZLOO QRW DIIHFW WKH FRPSUHKHQVLYH SHUIRUPDQFH RI KHDW H[FKDQJH FRPSRQHQWV
0LQLPXPGHVLJQVSHFLILFDWLRQRI6:+(FHQWHUF\OLQGHULVVKRZQLQ7DE:KHQFRQGXFWLQJWKHZLQGLQJWKHILEHU
HORQJDWLRQRIWKHILUVWOD\HUWXEHVKRXOGEHFRQWUROOHGOHVVWKDQKHQFHWKHZLQGLQJLWVHOIZLOOQRWLQIOXHQFHWKH
FRPSUHKHQVLYHSHUIRUPDQFHRIKHDWH[FKDQJHFRPSRQHQWV
7DEOH0LQLPXPGHVLJQVSHFLILFDWLRQRI6:+(FHQWHUF\OLQGHU
6SHFLILFDWLRQRI
KHDWH[FKDQJHU
WXEH
PP
0DWHULDO
0LQLPXPRXWHU
GLPHQVLRQRIFHQWHU
F\OLQGHU
PP
&HQWHUWRFHQWHUGLVWDQFHRI
WKHVWOD\HUKHDWH[FKDQJHU
WXEH
PP
'LPHQVLRQRIRXWHU
ZDOORIWKHVWOD\HUKHDW
H[FKDQJHUWXEH
PP
)LEHUHORQJDWLRQRIRXWHU
ZDOORIWKHVWOD\HUKHDW
H[FKDQJHUWXEH

ĭî 6WDLQOHVVVWHHO    
ĭî̚ 6WDLQOHVVVWHHO    
ĭî̚ 6WDLQOHVVVWHHO    
ĭî̚ 6WDLQOHVVVWHHO    
ĭî̚ 6WDLQOHVVVWHHO    

,PSURYHPHQWV
5HVHDUFKRQ ODUJHVFDOH6:+( LQ UHILQHU\ LQGXVWU\ LV DGHYHORSPHQW DQG LQQRYDWLRQRQ WKHEDVLV RIGRPHVWLF
PDQXIDFWXULQJRI6:+(LQFRDOFKHPLFDOLQGXVWU\ZKLFKKDVRFFXSLHGDSODFHLQWKHZRUOG+RZHYHUGXHWRWKH
OLPLWDWLRQRIEDVLFWHFKQRORJ\LQ&KLQDWKHIROORZLQJDVSHFWVVWLOOQHHGWREHLPSURYHG
 'LYHUVLW\ RI PDWHULDOV 7KH FXUUHQW WXEH PDWHULDO RI &KLQHVH 6:+( LV PDLQO\ DXVWHQLWLF VWDLQOHVV VWHHO
VXSSOHPHQWHGZLWKDIHZGXSOH[VWDLQOHVVVWHHODQGFRSSHUDOOR\7RGHDOZLWKWKHFRPSOH[FRUURVLRQHQYLURQPHQWLQ
UHILQHU\LQGXVWU\VXFKVSHFLDOPDWHULDOVDVVXSHUDXVWHQLWLFVWDLQOHVVVWHHODQGORQJQLFNHOEDVHGDOOR\KHDWH[FKDQJH
WXEHVDUHVWLOOEODQN
6:+(LQUHILQHU\LQGXVWU\HYROYHVZLWKWKHSURFHVV6:+(EDVHGRQWKHVHFRQGJHQHUDWLRQ6+((5UHILQHU\
WHFKQRORJ\QHHGVWREHGHYHORSHG
$VWRWKHVWUXFWXUHRSWLPL]DWLRQGHVLJQWKHUHVWLOOLVDFHUWDLQJDSEHWZHHQ&KLQDDQGWKHDGYDQFHGFRXQWULHVLQ
(XURSH	$PHULFDLQWKHDSSOLFDWLRQRIQXPHULFDOVLPXODWLRQWHFKQRORJLHVEDVHGRQKHDWWUDQVIHUDQGIOXLGIORZ
,QVSHFWLRQDQGPDLQWHQDQFHWHFKQRORJLHVIRU6:+(LQUHILQHU\LQGXVWU\VWLOOQHHGWREHUHVHDUFKHG
&RQFOXVLRQV
'XHWRLWVH[FHOOHQWKHDWWUDQVIHUSURSHUW\WKHDGDSWDELOLW\WRYDULDEOHORDGVRIXQLWDQGWKHRSHUDWLRQUHOLDELOLW\
ODUJHVFDOH6:+(KDVDEULJKWDSSOLFDWLRQSURVSHFWLQWKHUHILQHU\LQGXVWU\RI&KLQD'XULQJWKHLQQRYDWLRQSUDFWLFH
DVHULDORIGHVLJQWHFKQRORJLHVKDYHEHHQGHYHORSHG
$IWHUWKHKHDWH[FKDQJHSURFHVVRIK\GURFUDFNLQJXQLWZDVGLVFXVVHGWKHUROHRI6:+(LQWKHLQQRYDWLRQRI
UHILQHU\SURFHVVZDVSRLQWHGRXW
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 6XFK FRQWHQWV DV WKH VWUXFWXUH VW\OH DGDSWDELOLW\ RI ZKROH VWUXFWXUH UHTXLUHPHQW RI PDWHULDO VHOHFWLRQ
VWUXFWXUH RI 1LEDVH DOOR\ EXWW ZHOGPHQW GHVLJQ FDOFXODWLRQ RI PDLQ VWUXFWXUH WHFKQRORJ\ UHTXLUHPHQW RI KLJK
SUHVVXUHILQLVKHGKHDWH[FKDQJHUWXEHDQGGHVLJQVSHFLILFDWLRQRIWKHPLQLPXPFHQWHUWXEHHWFZHUHGLVFXVVHGIRU
WKH6:+(LQUHILQHU\LQGXVWU\
)XUWKHULPSURYHPHQWVDQGIXWXUHUHVHDUFKGLUHFWLRQZHUHSRLQWHGRXWIRUWKHGHVLJQWHFKQRORJLHVRI6:+(LQ
&KLQHVHUHILQHU\LQGXVWU\
5HIHUHQFHV
>@ &+(1 <RQJGRQJ &+(1 ;XHGRQJ 7HFKQRORJ\ GHYHORSPHQW RI ODUJHVFDOH KHDW H[FKDQJHU LQ &KLQD >-@ -RXUQDO RI 0HFKDQLFDO
(QJLQHHULQJˈ˖
>@ +(:HQIHQJ)LUVWDSSOLFDWLRQRIVSLUDOZRXQGKHDWH[FKDQJHULQK\GURFUDFNLQJXQLW>-@3HWUR&KHPLFDO(TXLSPHQW7HFKQRORJ\ˈ
˖
>@ &+(1&KRQJJDQJ5HVHDUFK	LQGXVWULDODSSOLFDWLRQRI&&5VSLUDOZRXQGH[FKDQJHU>-@3UHVVXUH9HVVHO7HFKQRORJ\
>@ =+$1*;LDQDQ(QHUJ\VDYLQJ	 LQGXVWULDO H[DPSOHRI WKHKLJKHIIHFWHGZRXQGWXEHKHDWH[FKDQJHU>-@3UHVVXUH9HVVHO7HFKQRORJ\
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>@ +HIHL*HQHUDO0DFKLQHU\5HVHDUFK,QVWLWXWH/XR\DQJ(QJLQHHULQJ&RUSDUDWLRQ6,123(&=KHQKDL3HWURFKHPLFDO-LDQDQ(QJLQHHULQJ&R
/WGHWF5HVHDUFKGHYHORSPHQWDQGLQGXVWULDODSSOLFDWLRQRIHQHUJ\HFRQRPL]LQJKHDWWUDQVIHUSURFHVVDQGHTXLSPHQWLQK\GURFUDFNLQJ
UHILQLQJXQLW>5@+HIHL+HIHL*HQHUDO0DFKLQHU\5HVHDUFK,QVWLWXWH
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